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ABSTRACT

A new electroreleasing composite membrane is described.
This membrane is prepared by coating a microporous Al,0, support
membrane with a thin polymer film. This composite membrane
separates a solution of the molecule to be released (i.e. the
target molecule) from a receiver solution. Electrorelease is
accomplished by electrochemically rupturing the polymer film;
this allows the solution of the target molecule to flow through
the pores of the host membrane into the receiver solution.

Previous electrorelease systems have entailed entrapment of
the target molecule within a polymer membrane. It would be
difficult to use such systems to electrorelease large
biomolecules or proteins, because of the slow rate of diffusion
of such large molecules in the polymer phase. The electrorelease
system described here is ideally suited for electrorelease of
large biomolecules and proteins. Electrorelease of insulin and
vitamin B-12 is demonstrated.
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Electrorelease is the use of electrochemistry to control the
delivery of a chemical or drug (1, 2). The major advantage of
electroreleasing systems (over conventional diffusional drug-release
matrices (3)), is the ability to control the delivery process. For
example, electrorelease systems can be switched on and off and the
rate of release can often be adjusted (1, 2).

In the systems described in the literature to date, the species
to be electroreleased (i.e. the target molecule) is either covalently or
ionically bound within a polymer membrane (1, 2). Electrorelease of
large molecules (greater than ca. MW=300) is difficult because of the
slow rate of diffusion of such large molecules in the polymer films
used.

We have recently developed an electroreleasing composite
membrane which is specifically designed for the electrorelease of
macromolecules. This composite is prepared by coating a
microporous support membrane with a thin polymer film.
Electrorelease is accomplished by electrochemically breaching the
polymer film; this allows the solution of the target molecule to flow
through the pores of the membrane into a receiver solution. We
demonstrate in this correspondence that this new electrorelease
membrane can be used to deliver insulin and vitamin B-12.

The composite membrane fabrication procedure is shown
schematically in Figure 1. An Anopore (Alltech) AlI203 filter is used
as the support membrane. Anopore contains a high density of
cylindrical, 0.2 mm-dia. pores. One face of the Anopore membrane
was sputtered with a 50 nm layer of Au. Ag epoxy was then used to

attach an electrical lead to the Au surface.




A Nafion (4) ion exchange polymer film was then cast onto the
Au surface using a high temperature (175°) solution-processing pro-
cedure (5).. This high temperature casting method prevents the
Nafion solution from filling the pores in the support membrane, and
yields a continuous 1 to 2 mm-thick Nafion film across the Au-coated
Anopore surface.

Insulin solutions were prepared by dissolving 500 mg of
bovine insulin (Sigma, MW=5700) in 50 ml of a pH 9.3 ammonium
buffer electrolyte made by adding 2.4 g of NH4Cl and 4 ml of conc.
NH40H to 500 ml of distilled water; this solution was also 0.5 M in
NaCl. To allow for visible spectrophotometric detection, biuret
reagent was added to the insulin solution, yielding the characteristic
violet Cu(Il)-insulin complex (6). Vitamin B-12 solutions were pre-
pared by dissolving. 20 mg of cyanocobalamin (Sigma, MW=1355) in
50 ml of 1 M KNO3.

The spectroelectrochemical cell used to conduct the preliminary
electrorelease experiments described here consists of two halves of a
U-tube separated by the Anopore/Au/Nafion composite membrane.
The left half is an electrochemical cell containing supporting electro-
lyte (vide supra), which serves as the receiver solution, and a Pt flag
counter electrode. The Au film in the composite membrane serves as
the working electrode. The right half of the cell contains a reservoir
of the biomolecule to be electroreleased. The Nafion film on the com-
posite membrane faces this solution. The Nafion film prevents
release of the large biomolecule into the receiver solution.
Electrorelease is initiated by passing a cathodic current (105 mA cm-

2) through the Au-film working electrode. This cathodic current




causes H2 to be evolved at the Au/Nafion interface, rupturing the
Nafion film.  With the Nafion film breached, the reservoir solution
can flow through the membrane into the receiver solution. A thinner
Nafion film, such as would be used in an in vivo device, would be
much more easily perforated, and much smaller currents could be
passed.

The U-tube cell was placed in a Perkin-Elmer Lambda 4B UV-
Visible spectrophotometer. The electroreleased biomolecules were
detected by monitoring the absorbance (insulin, 530 nm; vitamin B-
12, 360 nm) of the receiver solution. The level of the receiver solu-
tion was placed 2 to 3 cm below the level of the reservoir solution to
enhance the flow rate of the biomolecule through the breached film.
In the insulin experiments, a hypodermic syringe was used to
maintain a positive pressure on the reservoir solution; this further
enhanced the flow rate through the ruptured film.

Curve a in Figure 2 shows a plot of absorbance, in the receiver
solution, vs. time for a vitamin B-12 electrorelease experiment. No
current was passed during the first 30 minutes; thus, the film was
not breached, and vitamin B-12 was not released. The film was
breached at 30 minutes, as indicated by the abrupt rise in absor-
bance in the receiver solution. Results of an analogous insulin elec-
trorelease experiment are shown in curve b. The data in Figure 2
clearly demonstrate that these new composite membranes can elec-
trochemically deliver large biomolecules and proteins.

More sophisticated electrorelease cells can easily be designed.
For example, we have shown (7) that the Au film/electrode can be

divided into individually-addressable segments. Breaching the film




over one of the electrode segments establishes a base delivery rate;
breaching the films over additional electrode segments causes the
delivery rate to increase. Thus, the rate of drug delivery from these
composite membranes can be varied electrochemically. Such elec-
trorelease systems may have applications as implantable insulin

delivery devices (8).
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FIGURE CAPTION
Figure 1. Schematic diagram of composite membrane fabrication
procedure.
Figure 2. Absorbance in the receiver solution vs. time during
electrorelease experiments. a. Electrorelease of vitamin B-12
monitored at 360 nm; b. Electrorelease of insulin monitored at

530 nm. In both cases, electrorelease was started at 30 min.
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